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(57)  System for detecting reinforcement in elements
of a structure, comprising a surface detection subsystem
(1), e.g. a laser based scanner and processing means,
arranged for making a digital 3D representation (image)
of each relevant surface of each relevant structural ele-
ment. A reinforcement detection subsystem (2), e.g. a
radar based device (2) and processing means (5c), ar-
ranged for making a digital 3D representation (image)
containing the position, orientation and diameter of any

reinforcement as well as voids, inclusions, cracks and
other defects inside each relevant structural element, un-
der control of output of said surface detection subsystem.
The system, moreover, may include robot means (3,4)
for moving, e.g. under control of the surface detection
subsystem and further control means (5a), the surface
detection subsystem and/or said reinforcement detection
subsystem.
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Description

[0001] The invention refers to a system for detecting
reinforcement in elements of a structure.

[0002] A common problem occurring in construction
projects is that it is frequently not known which reinforce-
ment is present in a usually complex reinforced concrete
structure. This can be caused by mistakes during the
design or building phase of the reinforced concrete struc-
tures, or sometimes even by design drawings getting lost.
For structural engineers itis very important to know which
reinforcement is present in a concrete structure, since
the load bearing capacity of the structure very much de-
pends on the reinforcement that is present. More specific
it is important to know the position and diameter of the
reinforcement accurately.

[0003] Prior art reinforcement detection systems in-
clude systems of companies like e.g. Hilti (Ferroscan™)
or GSSI (e.g. Georadar™). Both systems have a probing
sensor, a 1D position locator and a control/processing
unit.

[0004] The Ferroscan™ system has a multi-sensor
scanner, basically measuring the gradient of the vertical
component of the induced magnetic field along the scan-
ning direction. The probing sensor in GSSI's products
and similar surface penetrating radar systems (GPR),
operate by sending a tiny pulse of radar energy into a
material and recording the strength of and the time re-
quired for the return of any reflected signal. A series of
pulses over a single area make up what is called a scan.
Reflections are produced whenever the energy pulse en-
ters into a material with different (varying) electromag-
netic properties (i.e. permittivity and conductivity). The
strength, or amplitude, of the reflection is determined by
the contrast in the dielectric constants of the two mate-
rials. Apart from time domain systems, there are also
frequency domain based systems (e.g. FMCW or
stepped frequency) that otherwise use the same detec-
tion principle i.e. detection of contrastin dielectric (or con-
versely impedance) properties.

[0005] Both systems measure the distance along the
track by odometry. About the Ferroscan it can be stated
that it uses an optical encoder and has one set of two
wheels placed at each end of the scanner, to guarantee
movement as parallel as possible along the desired scan-
ning direction.

[0006] About the Ferroscan it can be stated that the
results are displayed on a monitor that can be interfaced
to a PC to download the acquired data. The monitor con-
tains data processing software that converts the raw data
into user information. A PC version of the data processing
software running on the monitor is also available.
[0007] About GSSI's systems it can be stated that the
control unit contains the electronics that produce and reg-
ulate the pulse of radar energy that the antenna sends
into the ground. It also has a built in computer and hard
drive to record and store data for examination after field-
work. Some systems, such as the GSSI SIR-20, are con-
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trolled by an attached laptop computer with pre-loaded
control software. This system allows data processing and
interpretation without having to transfer radar files to an-
other computer while scanning. Data are collected in par-
allel transects and then placed together in their appro-
priate locations for computer processing in a specialised
software program such as GSSI’'s RADAN. This software
applies mathematical functions to the data in order to
remove background interference, migrate hyperbolas,
calculate accurate depth and much more. The computer
then produces a horizontal surface at a particular depth
in the record. This is referred to as a depth slice, which
allows operators to interpret a plan view of the survey
area.

[0008] Summarizing the disadvantages of the prior art,
current commercially available reinforcement inspection/
detection systems often cannot determine the exact lo-
cation and diameter of reinforcement in concrete struc-
tures, or atleast notreliable enough. Itis therefore normal
practice to at least partially remove the concrete, which
is covering the reinforcement, by means of a pickaxe or
other (powered) mechanical means, in order to investi-
gate the location and diameter of the reinforcement. This
process is very time consuming and also damages the
concrete structure. Furthermore use of these inspection
systems s very time consuming and therefore costly. The
Ferroscan uses a kind of gridded place-mat at the size
of an AO sheet that has to be attached to the concrete
structure. This "place-mat" has to be crossed horizontally
and vertically four times, for a total of eight scans. After
finishing this area the A0 has to be removed and attached
to the next area to be investigated. According to GSSI’s
Georadar brochure, a system that also uses a place-mat,
it takes approximately 5 minutes to investigate a floor
segment of 2 by 2 feet. It is clear that investigation of all
structural elements (including beams, columns, floors
and walls) of an entire building will be a practically im-
possible operation.

[0009] Recently, the inspection of only the critical parts
of a building complex in the Netherlands has taken ap-
proximately seven months. During this inspection both
the Ferroscan and another prior art radar based product
were used.

[0010] Hence there is a demand for a system which
offers improvements with regard to:

* accuracy and reliability
e acquisition and processing time

[0011] The present invention aims to cancel out the
disadvantages of the prior art systems by providing an
improved system for detecting reinforcement in a struc-
ture. The inventive system preferably comprises a sur-
face detection (sensing) subsystem arranged for deter-
mining the position of each relevant surface of each rel-
evant structural element (i.e. walls, beams, columns,
floors, ceilings etc.), as well as a reinforcement detection
subsystem arranged for detecting the position of any re-
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inforcement inside each relevant structural element un-
der control of output of said surface detection subsystem.
[0012] In other words one subsystem, the surface de-
tection subsystem, is provided for making a (3D) spatial
representation (i.e. an image) of the outside surfaces of
the relevant structural elements, in order to guide a sec-
ond subsystem, the reinforcement detection subsystem,
to the area / locations to be probed. Any reinforcement
will, after all, be located behind the structural elements’
exposed outside surfaces.

[0013] The outside surface of the structural elements
could be detected by means of any signal having no or
minor penetrating properties, e.g. a light signal or an
acoustic signal (e.g. ultrasonic).

[0014] Preferably, the surface detection subsystem
comprises electro-optical scanning means, arranged for
making a digital image (3D map) of the exposed surfaces
of the structural elements. The electro-optical scanning
means, for instance, comprises at least one laser based
scanner and digital processing means, which preferably
are arranged to make three dimensional images of the
exposed surfaces of the structural elements (inside or
outside the structure).

[0015] Preferably, the reinforcement detection sub-
system comprises electromagnetic scanning means, ar-
ranged for - guided by the outside scanning surface de-
tection subsystem, functioning as a pilot for the reinforce-
ment detection subsystem - scanning/probing inside or
(even) through each relevant structural element. The
electromagnetic scanning/probing means could com-
prise of (at least one) radar based device, arranged for
making a digitalimage of the inside of each relevant struc-
tural element.

[0016] In this way the position of the outside structure
("exposed surfaces") of the relevant structural elements,
determined by the surface detection subsystem, can be
matched with the measurement data acquired with the
reinforcement detection subsystem.

[0017] Furthermore tomographic  reconstruction
and/or inversion software may use the measurement da-
ta acquired with the structure probing EM sensor (radar)
together with position (location) information derived from
the other subsystem. This software may be used to re-
construct an image of the reinforcement in the structure,
containing position, orientation and diameter, as well as
to reconstruct the material properties of the embedding
structure.

[0018] It may be preferred to use at least two simulta-
neously cooperating radar based devices which are ar-
ranged for making a digital image (3D representation) of
the interior of each relevant structural element from at
least two directions, e.g. from two opposite directions.
This option may produce "inside images" (visualisation
of the reinforcement) having a higher quality.

[0019] It may be preferred to use robotic means for
moving said surface detection subsystem and/or said re-
inforcement detection subsystem along (part of) the
structure to be investigated. Such a robot means may be
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arranged to follow a previously programmed route along
and/or around the structural element(s) to be investigat-
ed. However a synergy can be achieved by guiding the
robot means using the surface detection subsystem
which, after all, is already arranged to "see" its environ-
ment. By doing so, the robot means can be arranged to
find its route autonomously inside and/or outside the
structure to be investigated. Simultaneously the gener-
ated 3D map can be updated. Thus, if located inside a
building made up of various structural elements, survey-
ing room by room and floor by floor, the whole building
structure can be covered.

[0020] Thus improvements with regard to accuracy
and reliability can be made by a more accurate move-
ment, and position measurement, of the reinforcement
detection subsystem, by preference in combination with
the application of tomographic reconstruction and inver-
sion software. Further improvements with regard to ac-
quisition and processing time may be made by automat-
ing both processes.

[0021] Hereinafter the invention will be elucidated
making use of an exemplary embodiment, illustrated in
Figure 1.

[0022] The diagram of figure 1 shows various logical

components in relation to each other.

[0023] The system for detecting reinforcement struc-
tures in concrete building elements of a building in figure
1 comprises a surface detection subsystem formed by a
3D laser scanner (digitiser) module 1 which is arranged
for detecting the position of each relevant surface of a
structure (not shown). A reinforcement detection subsys-
tem arranged for detecting the position of any reinforce-
ment inside each relevant structural element is formed
by a radar module 2. Both modules 1 and 2 are mounted
on a robot arm 3 which is installed on a movable robot
vehicle 4. Alternatively module 1 can be mounted else-
where on the movable robot vehicle or can even be a
separate apparatus. A computer subsystem 5a compris-
es 3D motion control 6 and navigational control 7 for the
robot arm 3 and the robot vehicle 4 respectively.

[0024] The computer subsystem 5a, b and ¢ (part of
e.g. one or more PC’s) is installed on or in the neighbour-
hood of the robot vehicle 4.

[0025] The output of the laser scanner 1 (the surface
detection subsystem) is processed in a computer sub-
system 5b, producing output which is fit to control, i.e.
the robotic arm 3 with radar 2 (the reinforcement detec-
tion subsystem). In this way the laser scanner 3 "looks"
for objects or areas which might contain reinforcement
behind their exposed surfaces, and guides (via computer
subsystems 5b, 5a and the robot components 4 and 3)
the radar module 2 to those objects and areas to be in-
vestigated for the presence and properties of reinforce-
ment.

[0026] It may be preferred to simultaneously use more
than one system as depicted in figure 1. Two of such
systems may be used in cooperation (e.g. by wireless
coupling their computers 5) of which one system inves-
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tigates a concrete wall (or other structural element) from
one side and the other subsystem from another side or
position. The signal of the one radar having penetrated
the wall may be picked up by the other radar and vice
versa. In this way very massive building elements may
be successfully investigated, yielding high-quality re-
sults.

[0027] The robot vehicle 4 may be arranged to follow
a previously programmed route inside and/or outside the
structure or collection of structural elements, but can al-
so, entirely or partly find its route autonomously under
control of original or updated "observations" of the 3D
laser scanner 1.

[0028] The output of the scanner is processed by com-
puter subsystem 5b and partly used for controlling the
robot 3, 4 with radar 2. The output of the radar 2 is proc-
essed in computer subsystem 5c using additional infor-
mation regarding position and/or orientation from com-
puter 5b. This is supplied to a user interface 8 which is
also able to display images of the reinforcement of the
structure to be investigated.

[0029] The system may be expanded with additional
sensors, for instance metal detectors, acoustic, or infra-
red or video cameras making it a multi-sensor system.
An additional sensor fusion processing step would then
be needed to complement it. The sensors can either be
used for detecting the outer surface of a structure or ob-
stacles, or for sensing/probing into the structure.
Several stages of simplification in processing can be im-
plemented. For instance automatic identification of rein-
forcement may be switched off. Alternatively users may
notbe interested in the material properties of the structure
under investigation but only want to see an image of the
structure as generated by either/any of the sensors.

Finally a summary of the various system components:
Sensors:
[0030]

(a) electro-optical i.e. laser scanner:

This sensor scans its surrounding using the re-
flections of a laser-beam which is steered
around the room in which the apparatus itself is
located. Position information can be derived
from e.g. the travel-time between transmitted
and received laser signal or other means (i.e.
holograhically etc.).

(b) electromagnetic i.e. radar system:

This sensor uses electromagnetic waves of a
certain frequency and bandwidth to probe solid
structures or other dielectric media. Reflections
occur due to the presence of metallic objects
within the medium or are due to localised vari-
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ations of the material parameters to which the
sensor is sensitive, i.e. an impedance contrast
or conversely a contrast in permittivity.

Acquisition:
[0031]
(a) mechanical scanning system i.e. robotic arm:

A system which can scan a grid (in multiple di-
mensions) of measurement points very accu-
rately and with a high degree of repeatability.
Typically this can be accomplished by means of
a robotic arm.

(b) moving platform i.e. (semi)autonomous vehicle:

A vehicle that can follow a pre-programmed
route or navigate autonomously through the en-
vironment. In former case a digital map initial
position is needed while in the latter case posi-
tion sensors and obstacle detection sensors are
needed.

Processing:
[0032]

(a) mapping and map generating i.e. navigation in
3D environment:

Software which generates an accurate digital
map which can be used to produce navigational
instructions for the moving platform.

(b) tomographic reconstruction and inversion soft-
ware:

Software implementing tomographic image re-
construction and inversion algorithms. Meas-
urement data acquired with the structure prob-
ing EM sensor (radar) together with position (lo-
cation) information is used to reconstruct an im-
age of the interior of the structure as well as re-
construct the material properties.

(c) user interface:

Results are merged into different views that can
be manipulated by the user, i.e. zooming, pan-
ning, rotating etc. Different data and parameters
can be overlayed in a semi-transparent manner.
Existing design drawings can be pulled in and
displayed (also overlayed) simultaneously. Re-
inforcing materials are automatically identified
and can be exported in standardised formats.
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Claims

1.

10.

System for detecting reinforcement in structural el-
ements, comprising

- asurface detection subsystem (1) arranged for
making a digital 3D representation, e.g. an im-
age or map, of each relevant surface of each
relevant structural element;

- a reinforcement detection subsystem (2) ar-
ranged for making a digital 3D representation,
e.g. an image or map, under control of output of
said surface detection subsystem.

System according to claims 1, wherein the reinforce-
ment detection subsystem (2) is arranged for making
a digital 3D representation containing the position,
orientation and diameter of any reinforcement as well
as voids, inclusions, cracks and other defects inside
each relevant structural element.

System according to claim 1, the surface detection
subsystem comprising electro-optical scanning
means (1).

System according to claim 3, the electro-optical
scanning means comprising at least one laser based
scanner (1) and digital processing means (5b).

System according to claim 1, the reinforcement de-
tection subsystem comprising electromagnetic prob-
ing means (2).

System according to claim 5, the electromagnetic
scanning means comprising atleast one radar based
device (2) .

System according to claim 6, comprising at least two
simultaneously cooperating radar based devices, ar-
ranged for making a digital 3D representation of the
inside of each relevant structural element from at
least two directions.

System according to claim 1, comprising robot
means (3,4) for moving said surface detection sub-
system and/or said reinforcement detection subsys-
tem.

System according to claim 8, said robot means being
arranged to follow a previously programmed route
inside and/or outside a building or along and/or
around structural elements to be investigated.

System according to claim 8, said robot means being
arranged to find its route autonomously inside and/or
outside a building or along and/or around structural
elements to be investigated.
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11. System according to claim 10, said robot means be-

ing arranged to find its route autonomously under
control of output of said surface detection subsys-
tem.



EP 2 023 165 A1

SERZIRIEY DT -

B0 7 PUBIUOD SRIBRGdE &
#oae o jo dews EURp «
WRABIOMES §O SHOISIRUID o
DM 10 SUDBSID »
BB O 3BRU -
sampangs o $leun

Bowamy

=/

/

8




E=Y

EPO FORM 1503 03.82 (P04CO1)

EP 2 023 165 A1

0’) f)::i::ea“ Patent EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 07 11 3953

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

US 6 333 631 B1 (DAS YOGADISH [CA] ET AL)
25 December 2001 (2001-12-25)

* column 2, line 34 - line 41 *

* colum 4, line 26 - line 49 *

* column 5, line 61 - column 6, line 10 *
US 6 429 802 B1 (ROBERTS ROGER L [US])

6 August 2002 (2002-08-06)

* column 12, line 45 - column 13, line 14
*

US 2002/130806 Al (TAYLOR DAVID W A [US]
ET AL TAYLOR JR DAVID W A [US] ET AL)

19 September 2002 (2002-09-19)

* page 2, paragraph 20 - paragraph 21 *
* page 2, paragraph 28 *

EP 1 754 983 A (TOKYO GAS CO LTD [JP])
21 February 2007 (2007-02-21)

* column 4, paragraph 10 *

US 7 069 124 Bl (WHITTAKER WILLIAM

1-8

1,2

8-11

INV.
GO1V11/00
GO1V3/15

TECHNICAL FIELDS
SEARCHED (IPC)

LAWRENCE [US] ET AL) GO1v

27 June 2006 (2006-06-27)

* column 3, Tine 6 - line 12 *

* column 12, line 22 - line 33 *

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

The Hague 11 February 2008 Swartjes, Harrie

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document




EPO FORM P0459

EP 2 023 165 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 07 11 3953

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

11-02-2008
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6333631 Bl 25-12-2001 AU 2900800 A 28-09-2000
WO 0054076 Al 14-09-2000
CA 2339924 Al 14-09-2000

US 6429802 Bl 06-08-2002  NONE

US 2002130806 Al 19-09-2002  NONE

EP 1754983 A 21-02-2007  CA 2569845 Al 22-12-2005
JP 2005351710 A 22-12-2005
WO 2005121839 Al 22-12-2005
US 2008027648 Al 31-01-2008

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82



	bibliography
	description
	claims
	drawings
	search report

